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HILE OF THE INVENTION 

METHOD TO ENHANCE INNATE IMMUNITY DEFENSE MECHANISMS 
BY TREATMENT WITH PLANT-DERIVED ALKALOIDS 

5 This invention was made with Government support under Grant Nos. CA25917 and 

AG 11475 awarded by the National Institutes of Health and by Department of Veterans Affairs 
Medical Research Funds. The Government has certain rights in the invention. 

BACKGROU ND QF THE I NVE NTION 
10 The present invention relates to a method for enhancing innate immunity defense 

mechanisms of vertebrate animals including humans. In accordance with the present invention, 
innate immunity defenses are enhanced by the administration of plant-derived immunomodulators. 
These plant-derived immunomodulators may be plant extracts containing steroid-like 
glycoalkaloids or plant-derived glycoalkaloids. The administration of these immunomodulators 
15 significantly augments the antimicrobial activities of the innate immune system. Preferred plant- 
derived glycoalkaloids include solanine and chaconine. 

The publications and other materials used herein to iUurninate the background of the 
invention and in particular cases, to provide additional details respecting the practice, are incorporated 
by reference, and for convenience are numerically referenced in the following text and respectively 
2 0 grouped in the appended bibliography. 

Over the past 50 years, chemical antibiotics have provided clinicians with effective 
therapies for the prevention, treatment, cure, plus the elimination of horizontal or vertical 
transmission, of many species of microorganisms capable of causing disease. These successes, 
however, have led to a high degree of complacency concerning the inevitable tlireat of acquired 
25 bacterial drug resistance. Over the past decade alone, both the frequency and spectrum of 
multiresistant species of pathogenic bacteria has dramatically increased (1-4). Unfortunately, 
few new antimicrobial drugs are reported to be under active development (3, 4). Assuming this 
trend continues, a major clinical problem that we will certainly face early in the 21st century , 
will be increased numbers of untreatable bacterial infections. Even today, there are species of 
30 Streptococcus, Staphylococcus , Pseudomonas* Enterococcus, and Mycobacterium which have 
developed resistance to all currently available antibiotic therapies (5-8). 

It is highly unlikely that specific vaccines for the many pathogenic microorganisms 
capable of causing disease can be developed rapidly enough to replace our present dependence 
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on antibiotics. In spite of their exceptional effectiveness in the prophylactic treatment against 
diseases like tetanus, diphtheria, whooping cough, polio, and smallpox, the number of available 
vaccines is extremely small in comparison to the vast array of different species and strains of 
bacteria that can cause infectious diseases. Consequently, new strategies need to be pursued to 
meet the upcoming challenges that are being caused by the emergence of multidrug resistance in 
bacteria. 

Host protection against diseases caused by infectious agents is provided by-the immune 
system, a collection of molecular and cellular mechanisms and processes which function 
synergistically to either rid the host of the offending agents or control their proliferation (9-16). 
The innate defense mechanisms of the immune system get involved early postinfection, and their 
function is to control the extent of infection in an agent nonspecific manner. The generation of 
acquired or adaptive immuruty, with its antigen specificity and high degree of efficiency takes a 
period of time to develop. Individuals can vary greatly in the efficiency of their innate immune 
defenses. These differences can spell the difference between an infection which resolves prior to 
development of overt disease, and an infection which progresses to full-blown disease prior to 
the mobilization of the acquired immune defense mechanisms. 

Herbal drugs are broadly represented in the Pharmacopeiae of many countries, including 
the USA. (23). Currently, 50 drugs discovered from plants are produced by domestic pharmaceutical 
companies (24). These phytomedicinals play important roles in treating disorders of the 
digestive, respiratory, cardiovascular, nervous, endocrine, and other organ systems (24, 25). The 
immune system is also responsive to the therapeutic influences of plant derived compounds. 
Among these are triterpeniod saponin glycosides from Ginseng, sterols from Eleuthero, high 
molecular weight polysaccharides (heteroxylan, arabinogalactan) and low molecular weight 
derivatives (chicoric acid) from Echinacea (25). These substances have no direct bactericidal or 
bacteriostatic properties (25, 26); rather, their beneficial effects on the immune system are 
brought about by their ability to increase innate immune defense mechanisms, and in particular, 
stimulation of phagocytosis, promotion of lymphocyte activity, and increased cytokine (TNF- 
alpha; IFN-gamma) production (25-27). These responses allow the neutralization of some 
viruses and destruction of bacteria (27, 28). 

Modern Chinese medicine utilizes the antimicrobial and antiviral properties of some 
plants. A polysaccharide complex, lentinan (a derivative of the Shiitake mushroom [Lentinus 
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edodes]), came into current clinical use from traditional ancient medicine because of its ability to 
strengthen the immune system (29). 

Sprouts and foliage of Solanum species, including potatoes (Solatium tuberosum L.), and 
tomatoes (Lycopersicum esculentum), are sources of steroid-like glycoalkaloids which contain a 
5 steroid-like aglycon bound to an oligosaccharide moiety (20). There are numerous publications 
concerning the toxicology of glycoalkaloids in potatoes and tomatoes (18, 19, 30-37). At high 
concentrations, the major glycoalkaloids of potatoes (solanine and chaconine) and some minor 
ones can cause poisoning (18, 34, 36). Factors such as environmental or geographic variations, 
exposure to light (green potatoes), or mechanical damage (harvesting) may result in a critical 

1 0 elevation of glycoalkaloid concentrations in tubers (38, 39). Toxic doses of glycoalkaloids (over 
5 mg/kg/body weight) might have disruptive effects on membranes in the gastrointestinal tract 
and elsewhere. These effects are presumably due to saponine-like properties and can lead to 
hemolytic and hemorrhagic damage of organs (40). Taken in high doses, glycoalkaloids also 
inhibit acetylcholinesterase (41) and increase the activity of ornithine decarboxylase (42), which 

15 can cause liver dysfunction. Since green potatoes, sprouts, and potato plants contain potentially 
dangerous levels of glycoalkaloids, they are not recommended for consumption. However, 
recent studies conducted among some Bangladeshi communities, which consume potato tops 
(leaves) as regular food, revealed that moderate quantities of glycoalkaloids (below 4 
mg/kg/body weight/day) are unlikely to represent a health hazard to humans (12). There are a 

2 0 few reports indicating that some glycoalkaloids from the Solanaceae family at moderate 

concentrations show direct antiviral and antifungal activities (43-46). No bactericidal or 
bacteriostatic effect has been described for potato alkaloids, including aglycons, and for 
triterpenoid compounds from ginseng (25), which have structural similarities to steroid-like 
aglycons (47). 

25 It is desired to identify compounds which will enhance innate immune defense 

mechanisms to aid in the battle against infections and which will prove useful in treating anti- 
biotic resistant microbes. 

SUMMARY OF THE INVENTION 

3 0 The present invention relates to a method for enhancing innate immunity defense 

mechanisms of vertebrate animals including humans. In accordance with the present invention, 
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Figure 3B. Enhanced clearance of £ typhimurium SL1344 from the liver following a 
pre-incubation of the microorganisms with serum from solanine-treated animals. S. typhimurium 
were pre-incubated with either normal murine serum (a) or serum from solanine pretreated 
anim als (b) prior to challenge of naive mice (1 0 6 CFU/mouse) by i.p. injection. 

OF.TATT,F.D DRSPRTPTION OF THE TNVENTIQN 

The most important function of the immune system is to provide its host with protection 
against disease. To carry out these tasks, a large and diverse array of effector mechanisms have 
evolved, the majority of which exhibit antigen specificity. Each individual effector mechanism 
possesses a degree of uniqueness with respect to its ability to influence the rate of progression, to 
detoxify, or to promote the elimination of microbial pathogens. Such a diversity in available 
mechanisms is absolutely essential since no single effector response can effectively deal with all 
forms of pathogenic insults. 

The different mechanisms employed to protect a host against microbes include physical 
barriers, phagocytic cells in the blood and tissues, natural killer cells and various blood-borne 
molecules. These mechanisms can repel, destroy or hold in check many classes of microbes. 
Some of these defense mechanisms (a) are present prior to exposure to infectious microbes or 
foreign macromolecules, (b) do not discriminate among most foreign substances, and 
(c) frequently cannot be sufficiently enhanced by such exposure. These defense mechanisms are 
xu_ ^-^p--*-*^ cfthc inna te imm uiiity. Other d*???™?* mmhanisrns nre induced or stimulated by 
exposure to foreign substances, are specific for distinct macromolecules and increase in magnitude 
and defensive capabilities with each successive exposure to a particular macromolecule. These 
mechanisms constitute adaptive (acquired) immunity. 

The innate defense mechanisms of the immune system get involved early postinfection, 
and their function is to control the extent of infection in an agent nonspecific manner. Individuals 
can vary greatly in the efficiency of their innate immune defenses. These differences can spell 
the difference between an infection which resolves prior to development of overt disease, and an 
infection which progresses to full-blown disease prior to the mobilization of the acquired 
immune defense mechanisms. In addition, the frequency and spectrum of multiresistant species of 
pathogenic bacteria has dramatically increased over the past decade. Consequently, new 
strategies need to be pursued to meet the upcoming challenges that are being caused by the 



SUBSTITUTE SHEET (RULE 26) 



WO 98/58543 PCTYUS98/12766 

-6- 

emergence of multidrug resistance in bacteria and to assist individuals having an innate immune 
response which is not operating optimally. One strategy to achieve these goals is to enhance the 
innate immune response in individuals. 

The present invention relates to a method for enhancing innate immunity defense 
5 mechanisms of vertebrate animals including humans. In accordance with the present invention, 
innate immunity defenses are enhanced by the aaministration of plant-derived immuno modulators. 
These plant-derived immunomodulators may be plant extracts containing steroid- like 
glycoalkaloids or plant-derived glycoalkaioids. The administration of these immunomodulators " 
significantly augments the antimicrobial activities of the innate immune system. Preferred plant- 
1 0 derived glycoalkaloids include solanine and chaconine. 

As used herein, the term "immunomodulator" refers to an agent which is able to 
modulate an immune response. In the context of the present invention, such modulation is an 
enhancement of an innate immunity defense mechanism. 

As used herein, the term "individual" refers to a vertebrate, and includes, but is not 
15 limited to domestic animals, sports animals and primates, including humans. 

As used herein, the term "infectious agent" refers to bacteria, fungi and protozoa. 

The term "effective amount" of an immunornodulator refers to an amount of an 
immunomodulator sufficient to enhance a host defense mechanism, as more fully described 
below. This amount may vary to some degree depending on the mode of administration, but will 

2 0 be in the same general range. If more than one immunomodulator is used, each one may be 

present in these amounts or the total amount may fall within this range. The exact effective 
amount necessary could vary from subject to subject, depending on the species, age and general 
condition of the subject, the severity of the condition being treated, the mode of administration, 
etc. Thus, it is not possible to specify an exact effective amoujat. However, the appropriate 
25 effective amount may be deterrnined by one of ordinary skill in the art using only routine 
experimentation or prior knowledge in the immunomodulator art. 

In accordance with the present invention, protection against diseases caused by infectious 
agents is provided by the enhancement of the host's innate immune system through treatment 
with plant-derived immunomodulators. The adrninistration of plant extracts (e.g., a water- 

3 0 alcohol extract) containing steroid-like glycoalkaloids, such as solanine or chaconine, 

significantly augments the antimicrobial activities of the innate immune system. The 
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elycoalkaloid containing extracts are prepared from Solatium species, Veratrum species and 
Liliaccae species. As shown in detail below, mice prophylactically treated wiUi low doses of 
Solamtm extract containing solanine plus chaconinc, or with individual glycoalkaloids, were 
rendered resistant to challenge with lethal doses or Salmonella typhimurium . Single or multiple 
trealment(s) with these glycoaJkaJoid compounds, but not with the aglycon, provided mice with 
significant protection against infection. Treated animals were able to rapidly clear bacteria from 
their target organs. Similar results are shown for mice against infection by Francisella 
iularcmis, Psoudomonas aeruginosa, or Candida albicans. Thus, the innate immunity 
enhancing effect is not antigen specific. The wide applicability of Uiis effect is demonstrated by 
die protection afforded baby pigs from lethal doses of Salmonella choleraesius. The 
enhancement of innate defenses offers an alternative to antigen-specific vaccines or prophylactic 
antibiotic treatment, bodi of which may be limited by resistant organisms or lack of specificity 
clue to bacterial genomic diversity. 

The innate immune defense mechanisms are enhanced by administering an effective 
amount of die plant-derived immunomodulator, e.g., a plant, a plant extract containing 
glycoalkaloids or purified plant glycoalkaloids. The plant extract preferably contains 0.1 to 10%, 
more preferably, 1 to 5%, and most preferably 1% glycoalkaloids. The glycoalkaloids useful for 
die preset invention have the formula R-R*. In accordance with the present invention, R is a mono- 
, di-, tri-, or oligosaccharide which may optionally be modified with pharmacologically acceptable 
esters or pharmacologically acceptable edicrs. R.' is an aglycon or derivative having Uie generai- 
fonnulas: 




CHj 



SUBSTITUTE SHEET (RULE 26) 



WO 98/58543 



PCT/US98/12766 




II 



10 



15 



20 



wherein 

X and X2 arc independently N or O; and 
Jn is 1 or 2. 

and R js the tnsaeonaHde ^e^a..,^, „ 
Md R is the trisacoharide rhamnoso-ghtcose-rhamnose) or a mixture (hereof 

single treatment, and at least 1 4 davs fnlln , «<««oa. u«t f oU o«i„ s , 

^moduli \ ^ ^ 

unomodulator. n» planwiermd , mmlmom0( | ntolr a ^ ^ 

poatafeoion (24 hottr^ p« ftrably , . 4 h0MS fosMeem """""^ » ««"«. 

Phann.c^ca. cottons cording a eontpound of *e pre^ jmMjon „ fc ^ 
^ed.»> - oe prepared according ,„ a^ 



30 



WO 98/58543 



PCT/US98/12766 



-9- 

for example, Remington's Pharmaceuti cal Sciences. 17th Ed. (1985, Mack Publishing Co., Easton, 
PA). Typically, the active ingredient will be admixed with a pharmaceutical^ acceptable carrier. 
The carrier may take a wide variety of forms depending on the form of preparation desired for 
administration, e.g., parenteral (intravenous, administration by inhalation, rectal, vaginal) or oral 
5 (feed/dietary supplement). The compositions may further contain antioxidizing agents, stabilizing 
agents, dispersing agents, preservatives and the like. 

For oral administration, the compounds can be formulated into solid or liquid preparations 
such as capsules, pills, tablets, lozenges, melts, powders, suspensions or emulsions. In preparing 
the compositions in oral dosage form, any of the usual pharmaceutical media may be employed, 

10 such as, for example, water, glycols, oils, alcohols, flavoring agents, preservatives, coloring agents, 
suspending agents, and the like in the case of oral liquid preparations (such as, for example, 
suspensions, elixirs and solutions); or carriers such as starches, sugars, diluents, granulating agents, 
lubricants, binders, disintegrating agents and the like in the case of oral solid preparations (such as, 
for example, powders, capsules and tablets). Because of their ease in administration, tablets and 

15 capsules represent the most advantageous oral dosage unit form, in which case solid 
pharmaceutical carriers are obviously employed. If desired, tablets may be sugar-coated or enteric- 
coated by standard techniques. The active agent can be encapsulated to make it stable to passage 
through the gastrointestinal tract. 

For parenteral administration, the compound may be dissolved in a pharmaceutical carrier 

20 and administered as either a solution or a suspension. Illustrative of suitable carriers are water, 
saline, dextrose solutions, fructose solutions, elhanol, or oils of animal, vegetative or synthetic 
origin. The carrier may also contain other ingredients, for example, preservatives, suspending 
agents, solubilizing agents, buffers and the like. 

Plants, plant tissues or plant extracts containing steroid-like glycoalkaloids or the plant- 

25 derived glycoalkaloids individually or in admixture are admimstered to a vertebrate animal in an 
amount sufficient to enhance the innate immune response, especially the anti-infectious agent 
activities of innate immunity. Typically, the plant extracts containing steroid-like glycoalkaloids 
exhibit their innate immune enhancing effect at a dosage range from 1.7 mg/kg to 33.5 mg/kg. A 
preferable dose for extracts adrruiustration is 5.0 to 15.0 mg/kg, and a more preferable dose is 6.5 

3 0 to 10 mg/kg. Usually the plant extracts containing steroid-like glycoalkaloids contain about 1% of 
the total glycoalkaloid fraction. Thus, concentration of active ingredients administered to animals 
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with the extracts is ten- to a hundred-fold lower than the concentration which might cause 
poisoning in some individuals (5 mg/kg of pure giycoalkaloids), or than the LD 50 dose in mice 
which is 40-50 mg/kg for Solanine/Chaconine (20). The plant-derived giycoalkaloids individually 
or in adinixture of the present invention exhibit their effect at a dosage range of 0.0 1 mg/kg to 3.0 
5 mg/kg. A preferable dose of the purified plant giycoalkaloids is 0.03 to 1.0 mg/kg, and a more 
preferred dose is 0.03 to 0.3 mg/kg. A suitable dose can be administered in a single dose or it can 
be administered in multiple sub-doses per day. Typically, a dose or sub-dose may contain from 
about 0.1 \x% (0.0033 mg/kg) to about 30 jig (1.0 mg/kg) of the active ingredient per unit dosage 
form. A more preferred dosage will contain from about 0.1 \ig (0.0033 mg/kg) to about 10 \ig 
1 0 (0.33 mg/kg) of active ingredient per unit dosage form. 

The present invention is described by reference to the following Examples, which are 
offered by way of illustration and are not intended to limit the invention in any manner. Standard 
techniques well known in the art or the techniques specifically described below were utilized. 

15 

EXAMPLE 1 
Materials and Methods 
Mice : Male CF-1 strain mice were purchased from Sasco Inc. (Wilmington, MA) and 
housed in the University of Utah Animal Facility. Within each experiment, groups of five to ten 

2 0 age-, strain-, and sex-matched mice were used. The age of the mice ranged between 6 and 14 

weeks at the onset of the experimental protocols. The University of Utah Animal Resources 
Center is in compliance with animal research regulations established by the Animal Welfare Act 
and Public Health Service. 

Plant extracts and steroid-like compounds : A 25% ethanol/water extract of fresh potato 
25 sprouts (Solarium Extract, or SE) known to contain the steroid-like giycoalkaloids, solanine, 
chaconine, demissin (17-20), was prepared from locally obtained plant material and dehydrated 
by rotary evaporator (Y amato, Japan). The dried SE was dissolved in physiological saline before use. 

Solanine and chaconine were purchased from Sigma Chemical Co. (St. Louis, MO). 
These steroid giycoalkaloids were dissolved in 95% ethanol as stock solutions and stored at - 

3 0 20°C until used. Just prior to administration, working concentrations of solanine or chaconine 
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were prepared from the stock solutions using a saline diluent. In a few instances, solanine was 
dissolved in propylene glycol (Sigma, SL Louis, MO) shortly before use in specific tests. 

Solanidine and diosgenin, which represent the steroid-like portions of the glycoalkaloids 
minus the oligosaccharides, were obtained from Sigma (St. Louis, MO). In preparation for 
5 injection, these compounds were dissolved in propylene glycol. 

Microbial pathog ens: S. typhimurium SL1344 was provided by Dr. David Low 
(Department of Pathology, University of Utah). The bacteria were grown on -Brain-Heart 
Infusion agar plates to get representative colonies, which were then inoculated into Brain- 
Infusion broth. The broth was incubated with vigorous shaking at 37°C. When the absorbance 

10 reached 1.0 at 600 nm («2xl0 9 microorganisms per 1 ml), the bacteria were pelleted by 
centrifugation. Quantitation of bacteria was determined using the Brain-Heart Infusion agar plate 
count technique. The pelleted bacteria were resuspended in PBS and washed 3 times. To 
>; S J? deterrnine the LD 50 of S. typhimurium administered by either the intraperitoneal or oral route, 

groups of 8 to 10 mice were infected with different numbers of microbes (10 2 to 10 10 CFU) i.p. 

15 or orally. Animals were observed for 14 days post challenge, and the LD 50 was evaluated by 
probit analysis (21 , 22). 

Preventive treatments of mice : Mice were injected intraperitoneally (i.p.) with 0.1 ml of SE 
(50 to 200 fig per mouse), solanine (0.1 to 10 ug per mouse), or chaconine (0.1 to 1 0 pig per mouse 
in saline at 1 to 14 days before challenge with S. typhimurium SL1344. In some experiments, SE 

20 (200 to 1000 {±g per mouse) was administered orally by dosing needle to anesthetized mice 5 days 
prior to challenge. In the experiments designed to compare the relative effectiveness of 
glycoalkaloids (solanine, 1 ug per mouse) or aglycons (solanidine, 0.5 ug per mouse, and 
diosgenin, 0.5 ug per mouse), the test substances were dissolved in propylene glycol and injected 
into ing uinal subcutis of mice 5 days prior to bacterial challenge, 
h 25 Histopathologv : Major organs collected from treated and control mice were analyzed for 

tissue changes after either single or multiple (triple) exposures to solanine or chaconine, given at 
doses of 1, 5, 25 and 50 jig of glycoalkaloid per mouse. Liver, spleen, kidneys, heart, lungs, and 
thymus were collected and examined from four animals in each dose group. The organs were 
trimmed and processed to slides by standard histology methods. Each 5 u section was examined 

3 0 by light microscopy after staining with hematoxylin and eosin. 
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Survival assay : Groups of 5 to 10 mice were pre-treated with SE. pure glycoalkaloids 
(solanine, chaconinc) or the aglycons (solanidine, diosgenin) by single or multiple i.p. injections 
or oral gavage (as described above). Naive control groups for each experiment received saline. 
All animals were observed daily after challenge with different doses of S. typhimurium orally or 
intraperitoneally. Mortality and weight loss were monitored. 

Bacteria l clearance assay : An assay was designed to evaluate bacterial clearance at 
various times after infection. CF-1 mice received 1 pg of solanine i.p. 1 or 5 days prior to 
infection. These animals, plus controls, were challenged i.p. with 1x10 s CFU of S. typhimurium. 
Three mice were sacrificed at various time points (I, 2, 4 hours post challenge) for analysis of 
bacterial numbers in selected target organs. Control animals received saline diluent instead of 
solanine, but were challenged i.p. with the same number of bacteria as the test animals. 

Analysis of serum opsonin activity ; S. typhimurium was incubated for 1 hour at 37°C in 
12% pooled PBS-diluted serum taken from animals previously treated with solanine ("solanine 
activated" serum). After the incubation period, the bacteria were washed twice, counted, and 
used for intraperitoneal challenge of naive CF-1 strain mice (1x10 s per mouse). Control mice 
were challenged with S. typhimurium that were pretreated in an identical manner except with 
12% serum taken from animals never treated with solanine. Three to four mice were sacrificed 
at 2 and 4 hours postchallenge for quantitation of £ typhimurium in target organs. 

Quantitation of S. tvpMmurium in turret organs or fr^ r Five days after bacterial 
challenge, quantitation of S. typhimurium numbers in spleen, liver, and feces of individual CF-1 
mice was conducted. All survivors at five days postinfection were sacrificed and pieces of 
spleen (»I00 mg) or liver («500 mg) were removed, homogenized in PBS, and 10-fold serial 
dilutions seeded onto 60 mm Petri dishes of Salmonella-Shigella agar (BBL, Cockeysville, MD). 
A single fecal pellet was dissociated in 500 pi of PBS, vortexed, and 10-fold dilutions plated 
onto agar plates. After 18-24 hours of incubation at 37°C, individual colonies (CFU) were quantitated. 
Assay for direst bactericide or bacteriostatic effects of Hv^iv^m, - s . typhimurium 

was plated on Salmonella-Shigella selective agar plates. Two hours later, SE (50, 500 or 5000 
ug per disk) solanine or chaconine (0.5, 5 or 50 ug/disk), or gentamicin (1, 10 pg/disk ) as a 
positive control, were applied onto the plates. After 24 hours incubation, plates were screened to 
determine bactericidal/bacteriostatic activity of the compounds. 
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EXAMPLE 2 

Intraperitoneal Administration of Solanum 
Rytract Enhan ces Survival Rate of Infected Animals 

Extracts prepared from the sprouts of the common potato (Solanum tuberosum), a source 

of the steroid glycoalkaloids, solanine and chaconine, were found to significantly enhance innate 

Lrnmunity following administration to normal experimental animals. In the initial studies, 

normal male adult mice (CF-1) were treated i.p. with either 50 ug or 200 ug of Solanum extract 

(SE), prepared from locally obtained plant material. The animals were then challenged orally 

with 2 LD 50 of S. typhimurium SL1344 either 1 day or 5 days later. At 5 days postinfection, the 

surviving animals were sacrificed and the number of S. typhimurium present in selected organs 

and feces were quantitated. ' The results of the initial study are presented in Table 1. 

Administration of SE prior to challenge increased the survival rate of infected animals to nearly 

100%, compared to the 50% survivors remaining in the control group. The liver and spleen of 

all animals in the groups which received treatment were nearly free of S. typhimurium infection, 

when the SE was given at 50 or 200 ug/mouse 5 days before challenge, or at 200 ug/mouse 1 

day before bacterial challenge. The number of 5. typhimurium in fecal pellets of the SE treated 

mice at day 5 postinfection was less than 1 percent of that observed in the control group. 

TA BLE 1 

Intraperitoneal Injection Of Normal Adult Mice With SE 
Increases Survival Rate And Reduces The Level Of Infection In 
Selected Organs Following Oral Challenge With S. typhimurium SL1344 



Survival rate 
(live/total) 



Control 
SE 50 ug, d-5 3 
SE 200 ug, d-5 
SE 50 ug, d-1 4 
SE 200 ug,d-l 



5/10 

5/5 

5/5 

4/5 

5/5 



Liver Culture 
(CFU/500 mg) 
Xltf 

4.0±0.05 2 

negative 

negative 
0.2 ±0.2 

negative 



Spleen Culture 
(CFU/100 mg) 
XlQ* 

3.2 db 0.7 
negative 
negative 
0.15 ±0.15 
negative 



Fecal Culture 
(CFU/pellet) 
XIO* 

52.0 ±5.9 
0.2 db 0.09 
0.4 ±0.1 
0,7 ±0.1 
0.5 ±0.2 



1 Survival rates were counted 5 days post oral challenge with S. typhimurium (5 x 10 7 CFU). 
3 5 2 On day 5 postchallenge the number of £ typhimurium present in organs and fecqs were 
calculated from the remaining survivors. 

3 SE was administered to animals i.p. (50 or 200 ug per mouse) 5 days before challenge. 

4 SE was administered to animals i.p. (50 or 200 ug per mouse) 1 day before challenge. 
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EXAMPLE 3 

Oral Administration of Solanum Extract 
Enhances Survival Rate of Infected Animals 

Experiments were conducted to determine whether SE could be effective when 

5 administered by gavage. Groups of normal mice were given SE (200 fig or 1000 jag) 5 five days 

prior to infection. Animals receiving oral SE were totally protected following challenge with 2 

LD 50 of S. typhimurium. The treated animals also exhibited a greater than 90% reduction in the 

number of CFU of £ typhimurium present in their spleen, liver and feces at 5 days postinfection 

compared to the surviving animals from the control group (Table 2). 

10 IABLE 2 

Oral Administration Of SE Reduces Susceptibility 
Of CF1 Mice To Oral Challenge With S. typhimurium SL1344 

Survival rate 1 Liver Culture Spleen Culture Fecal Culture 
15 (live/total) (CFU/500 mg) (CFU/100 mg) (CFU/pellet) 
xlO 1 zlQ 1 2d£* 

Control 2/5 24.0 ±4.0 2 72.0 ±28.0 >30.0 

SE 200 fig 3 5/5 0.3 ±0.1 1.2 ± 0.5 1.8 ±0.6 

20 SElOOOug 3 4/4 2.1 ±0.6 9.0 ±0.6 2.9 ±0.9 



1 Survival rates were counted 5 days post challenge with S. typhimurium (5 x 10 7 CFU). 

2 On day 5 post challenge the number of S. typhimurium present in organs and feces was 

calculated from the remaining survivors. 
25 3 SE was administered to animals orally (200 and 1 000 ug per mouse) 5 days before challenge. 

EXAMPLE 4 

Administration of Solanum Extract After 
Infection En hances Survival Rate of Infected Animals 

30 Experiments were conducted to determine whether SE could be effective when 

administered subsequent to infection. Groups of normal mice were given SE (200 ^g or 1000 
\xg) either i.p. or orally 1 hour post infection. Animals receiving Lp. or oral SE were protected 
when the SE was administered 1 hour post infection with 8 x 1 0 7 CFU of S. typhimurium. The 
treated animals also exhibited a greater than 90% reduction in the number of CFU of S. 

35 typhimurium present in their spleen, liver and feces at 6 days postinfection compared to the 
surviving animals from the control group (Table 3). 
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TABLE3 



Early Treatment of Normal Adult Mice With SE Increases 
Survival Rate and Reduces the Level of Infection in Selected Organs 
Following Oral Challenge with S. typhimurium SL1344 

Survival rate 1 Liver Culture Spleen Culture Fecal Culture 

(live/total) (CFU/500 mg) (CFU/100 mg) (CFU/pellet) 



1Q* xlO 3 xlO 1 



10 Control 3/6 25.0 ±9.8 2 4.0 ±0.3 25.8 ±4.7 

SE200ug 3 6/6 0.3 ±0.1 negative 0.7 ±0.1 

SElOOOug 3 5/6 0.4 ±0.06 0.2 ±0.04 0.2 ±0.1 

SE200ug 4 5/6 0.1 ±0.1 0.1 ±0.03 0.6 ±0.2 

SE 1.000 u£ 4 5/6 negative negative 0.7 ± 0.2 

15 7 

1 Survival rates were counted 6 days post oral challenge with S. typhimurium (8x10 CFU). 

2 On day 6 post challenge the number of S. typhimurium present in organs and feces was 

calculated from the remaining survivors. 
0 3 SE was aciministered to animals i.p. (200 or 1000 ug per mouse) 1 hour post infection. 

20 4 SE was administered to animals orally (200 or 1000 ug per mouse) 1 hour post infection. 

EXAMPLE 5 ' 
Toxicity Analysis 

Solatium extracts contain a number of glycoalkaloids (solanine, chaconine, demissin). 
25 Some of these compounds are known to possess toxic properties when administered to animals at 
high doses (>30 mg/kg). We evaluated the toxicity of solanine arid chaconine at a broad range of 
doses (1 to 50 ng/mouse; 0.03 to 1.7 mg/kg) following single or multiple ac^ninistrauons. No 
lesions were observed in tissues from any dose group, including the animal s given 50 ug (1.7 
mg/kg) of either of the glycoalkaloids. 



EXAMPLE 6 

Analysis of Glvcoalkaloid Comp onents on Protective Effect 
Because of the known bioacrivities of the noted glycoalkaloids, they were analyzed to 
determine whether any of these substances might be responsible for the observed protection 
35 afforded SE treated mice against challenge with S. typhimurium. The initial studies evaluated 
solanine, the primary glvcoalkaloid present in SE (50-60% of total glycoalkaloid fraction (18)). 
The results presented in Table 4 show that a single intraperitoneal injection of solanine at 1.0 
u.g/mouse was able to enhance the survival of animals receiving an oral challenge with S. 
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typhimurium given 5 days after solanine treatment Furthermore, solanine treatment also 
reduced the level of infection in the target organs of experimental animals when evaluated 5 
days post-infection. Similar results were obtained with chaconine. 

TABLE 4 

Parenteral Treatment Of Normal Mice With Solanine 
Protects Them From Oral Challenge With S. typhimurium SL1344 

Survival rate 1 Liver Culture Spleen Culture Fecal Culture 

(live/total) (CFU/500mg) (CFU/100 mg) (CFU/pellet) 



4- 



control 2/5 24.0 ± 4.0 2 72.0 ± 28.0 >30.0 

solanine 5/5 0.3 ±0.1 2.0 ± 0.2 20.0 ±3.5 

(lHgd-5 3 ) 



1 Survival rates and organ cultures were counted 5 days post oral challenge with 

S. typhimurium (5 x 10 7 CFU). 

2 On day 5 post challenge the number of S. typhimurium present in organs and feces 

were calculated from the remaining survivors. 

3 Solanine was administered to animals i.p. (1 ug per mouse) 5 days before challenge. 

EXAMPLE 7 

Intraperitoneal Administration of Solanine or Chaconine 
Reduces Level of Infection with Candida albicans Amb 23 A 

Experiments were conducted to determine the level of infection in selected organs of 

mice challenged with Candida albicans Amb 23A. Groups of mice were given solanine or 

chaconine i.p. every other day to receive three injections. Mice were challenged i.v. with 2 x 1 0 6 

CFU Candida albicans Amb 23A the next day after the last injection of glycoalkaloid. The 

number of microorganisms present in various organs was calculated 24 hours post challenge and 

the results are shown in Table 5. The results show a reduction in the level of infection in the 

organs examined. 
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TABLE 5 

Intraperitoneal Injection of Normal Adult Mice with 
Glycoalkaloids Reduces the Level of Infection in Selected Organs 
24 Hours after i.v. Challenge with Candida albicans Amb 23 A 

Liver Culture Spleen Culture Fecal Culture 
(CFU/500 mg) (CFU/1 00 mg) (CFU/pellet) 
xlO* xlO 1 xlQ 4 

Control 6.2±1.8 l 2.2 ± 0.2 2.1 ±0.6 

solanine, 1 ug 4.3 db 0.1 0.9 ± 0.06 0.1± 0.06 
3x, i.p. 2 

chaconine, 1 ug 2.3 ± 0.1 0.6 ± 0.02 0.02± 0.0 
3x,i.p. 2 



1 The numberof microorganisms were calculated in the organs 24 hours post i.v. challenge 
with Candida albicans Amb 23 A. 

2 The glycoalkaloid was administered every other day for the three doses. 

20 EXAMPLE 8 

Intraperitoneal Administration of Solanine or ChaconLne Enhances 
Survival Rate of Animals Infected with Candi da albicans Amb 23 A 

Experiments were conducted to determine the level of infection in selected organs of 

mice challenged with Candida albicans Amb 23A. Groups of mice were given solanine or 

25 chaconine i.p. every other day to receive three injections. Mice were challenged i.v. with 1.8 x 

10 7 CFU Candida albicans Amb 23 A the next day after the last injection of glycoalkaloid. The 

survival rate and the number of microorganisms present in various organs was calculated in 

surviving animals 5 days post challenge and the results are shown in Table 5. The results show a 

reduction in the level of infection in the organs examined. 
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TABLE 6 



Intraperitoneal Injection of Normal Adult Mice with 
Glycoalkaloids Increases Survival Rate and Reduces the Level of Infection 
in Selected Organs Following i.v. Challenge with Candida albicans Amb 23A 

Survival rate 1 Liver Culture Spleen Culture Fecal Culture 

(live/total) (CFU/500 mg) (CFU/1 00 mg) (CFU/pellet) 

_____ xio* mo* — 

Control 4/8 3.2 ± 0.3 2 2.6 ± 0.9 25.8 ± 4.7 

solanine^ M 7/8 0.4 ± 0.4 1 .0 ± 0.6 0,05± 0.02 

cha^nL, l|ig 8/8 0.9 ±0.3 1.4 ±1.0 0.8± 0.3 

3x,i.p. 3 



1 Survival rates were counted 5 days post i.v. challenge with Candida albicans Amb 23 A. 

2 The number of microorganisms were calculated in the organs of surviving animals 5 days 
post i.v. challenge with Candida albicans Amb 23 A. 

The glycoalkaloid was administered every other day for the three doses. 

Examples 2-8 have shown that solanine and chaconine (0.03-0.3 mg/kg body weight 
[0.1-1.0 \ig per mouse]) and low doses of potato sprout extracts containing approximately 1% of 
the total glycoalkaloid fraction could significantly augment the antimicrobial and antifungal 
activities of the innate immune system. These doses of solanine and chaconine are 100 to 1000 
times lower than the LD 50 (42 mg/kg) for mice. Experimental animals, whose innate defenses 
were enhanced by glycoalkaloid treatment, could be rendered capable of withstanding oral or 
parenteral challenge with lethal doses of enteric microbial pathogens, such as a S. typhimurium. 
Almost all mice treated orally or parenterally (i.p.) with SE or any of the glycoalkaloids 1-5 days 
before challenge with moderate doses of S. typhimurium SL1344 (2 LD 50 ) were effectively 
protected against extensive infection of spleen and liver with a much higher survival rate than 
the untreated controls. Solanum Extract or pure glycoalkaloids provided more effective 
protection against 5. typhimurium than other non-specific immunostimulators used in similar 
experiments. Indeed, muramyldipeptide administered i.p. 1-3 days before challenge with the 
same microbial dose (2 LD 50 ) was able to protect only 50% of the mice (48-50). Mytilan, 
another non-specific high molecular weight polysaccharide derived from Mydia (sea plant), 
enhanced survival rates (75-100%) when challenged with 1 LD 50 dose (51). These data show 
that solanine and/or chaconine are the chemical entities responsible for augmenting the host's 
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innate immunity, thus providing resistance to infection. The protective properties of SE are also 
due, mostly, to the presence of solanine and/or chaconine. Similar effects were seen against the 
fungus Candida albicans Amb 23 A. 



10 



EXAMPLE 9 

Com parison of Activity of Glvcoalkaloid with Aglvcon 
Plant glycoalkaloids consist of the aglycon portion, which is structurally similar to a 
typical steroid molecule, coupled to an oligosaccharide moiety of defined structure. Solanine 
and chaconine possess the same aglycon, solanidine, which is bound to distinct oligosaccharides. 
Solanine, solanidine, and diosgenin, another aglycon which is slightly different than solanidine, 
were evaluated for their capacity to enhance host resistance to bacterial infection. Data 
presented in Table 7 show, that only solanine was able to effectively protect mice against the 
bacterial infection. Similar activity was seen for chaconine. Neither solanidine nor diosgenin 
possessed any protective activity against infection with S. typhimurium. 



15 



20 



TABLE 7 

Glycoalkaloid Solanine Only, But Not Aglycons, Can 
Effectively Protect Normal Mice Against S. typhimurium SL1344 



Survival rate 1 
(live/total) 



Liver Culture 
(CFU/500 mg) 
xlO* 



Spleen Culture 
(CFU/100 mg) 
2LLQ 6 



control 

solanine 1 ng 2 
25 solanidine 0.5 ug 2 
diosgenin 0.5 [Lg 2 



30 



35 



6/10 
9/10 
3/10 
4/10 



3.9 ± 1.2 
0.8 ±0.5 
5.3 ± 2.4 
8.5 ±3.3 



4.5 ±0.8 
0.8 ± 0.5 

1.7 ±0.6 

4.8 ± 1.8 



Survival rates and organ cultures were counted 5 days post i.p. challenge with 

£ typhimurium SL1344 (1.2 x 10 3 CFU (8 LD 50 )). 
Solanine (1 ug/mouse), solanidine (0.5 ng/mouse) or diosgenin (0.5 ug/mouse) 

were administered to animals inguinal pocket 5 days before challenge. 



These results show that both portions of the glycoalkaloid molecule, aglycon and 
oligosaccharide, were critically important in increasing survival and reducing infection in target 
organs. These results suggest that the protective effects of giycoalkaloids may be related 
somehow to activation of cellular membranes by the oligosaccharide component of these 



SUBSTITUTE SHEET (RULE 26) 



WO 98/58543 



PCT/US98/12766 



-20- 

molecules. Indeed, a group of researchers from the Netherlands employed techniques of model- 
and bio-membranes to establish that the sugar moiety plays a central role in glyco alkaloid- 
membrane interactions (52, 53). The steroid aglycons or free sugars did not show membrane 
affinity as high as the molecules of glycosides (52, 53). 

5 

EXAMPLE 10 

Protection Against High Bacterial Dose 
with Single A dministration of GlvcoalkalQid 

The magnitude of microbial exposure which can be tolerated by a host under various 

10 conditions is always of interest to health professionals. The above results demonstrate that a low 
dose of solanine or chaconine induced tolerance to moderate quantities (2-8 LD 50 ) of S. 
typhi murium SL1344. In view of these results, studies were conducted in which higher doses of 
bacteria were administered. 

A single low dose of solanine prior to bacterial challenge provided protection against a 

15 moderate dose of S. typhimurium. This led us to question whether glycoalkaloid treatment could 
also provide protection to mice that received a high dose of S. typhimurium (25 LD 50 ). 
Treatment of normal mice with a single 1 jig dose of solanine or chaconine, the other major 
glycoalkaloid present in potato sprouts, five days prior to bacterial challenge resulted in a 
survival rate of approximately 40% for solanine and 75% for chaconine. However, all untreated 

20 control animals were dead or agonal (Table 8) by day 4 post infection. Experiments were also 
conducted to determine the optimal dose of glycoalkaloid for animal treatment, and to determine 
the duration of enhanced resistance to bacterial infection. Groups of mice were treated with 
solanine at doses of 0.1, 1.0, or 10.0 ^g. Animals from each treatment group were challenged 
with S. typhimurium 1, 7, or 14 days later. The results (Figure I) demonstrate that a single 

25 administration of glycpalkaloid at any of the dosages tested was able to enhance resistance to 
infection in 40-70% animals. At the higher dosages (1.0 and 10.0 jig), the enhanced host 
resistance afforded by a single treatment with solanine appeared to last for at least 2 weeks. 
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TABLE 8 



Treatment Of Normal Adult Mice With Glycoalkaloids 
Increases Survival Rate And Reduces The Level Of Infection In 
Selected Organs Following LP. Challenge With S. typhimurium SL 1344 

5 

Survival rate Liver Culture Spleen Culture 
(live/total) (CFU/500mg) (CFU/lOOmg) 
xlO* xlO* 

10 control 0/8 2 5.2 ± 0.3 3.4 ± 0.3 

solanine 1 , i.p. 3 3/8 1 .4 ± 0.2 0.7 ± 0. 1 

chaconine 1 , i.p. 3 6/8 1 .8 db 0.3 0.9 ± 0. 1 



1 Survival rates and organ cultures were counted 5 days post i.p. challenge with 
15 S. typhimurium SL 1 344 (4 x 1 0 3 CFU). 

2 Most mice in the naive control group (received saline) were dead by day 4 after 

challenge, whereas two terminally ill survivors were sacrificed on day 5 for 
organ culture. 

3 Solanine or chaconine were administered to animals i.p. (1 \xg per mouse) 5 days 
20 before challenge. 

EXAMPLE 11 

Protection Against High Bacterial Dose 
with Multip le Administrations of Glvcoalkaloid 

25 The remarkable efficacy of glycoalkaloids in protecting against the effects of bacterial 

infection encouraged us to explore treatment regimes that would prevent death in all the animals 
challenged with high doses of S. typhimurium. Therefore, it was suggested that multiple 
administrations of glycoalkaloid might serve to further enhance the level of antimicrobial 
resistance. Mice were provided an intraperitoneal treatment of glycoalkaloid at 1 ng/dose once 

30 every other day for 6 days prior to being challenged with a lethal dose (25 LD 50 ) of S. 
typhimurium. The data presented in Table 9 shows that mice given solanine, chaconine or a 
mixture of both alkaloids, were rendered highly resistant to challenge with S. typhimurium. All 
of the glycoalkaloid treated animals were alive 5 days after infection, and showed no signs of 
illness or weight loss during a 12 day observation period. Most of the control mice which 

35 received injections of saline died by day 4 postinfection. Three animals from each treatment 
group, and the three agonal survivors from the control group, were sacrificed for analysis of 
selected organs on day 5 post challenge. This study revealed that the livers and spleens of 
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All experiments present In Examples 2-11 were repeated at least 3 times. Statistical 
analysis was determined by Student's t-test (p < O.OOl), and each value was given as the mean ± 
S.D. 

EXAMPLE 12 

5 Intraperitoneal Administration of 

glycoalkaloids Enhances Su rvival Rate of Infected Animals 

Similar experiments were conducted to determine the protective effect of Solarium 

extract on mice infected with other microbes. In these experiments, a total fraction of 

glycoalkaloids (solanine, chaconine and minor glycoalkaloids) was separated from Solarium 

10 extract by an extraction with 2% sulfuric acid followed by an extraction with ethanol. The 
glycoalkaloids were .administered intraperitoneally to CF-1 mice (0.1-10 jig/mouse) 1 or 7 days 
prior to challenge with live microorganisms. Naive mice (control) received the same volume of 
saline (100 fil). In the first experiment, mice were challenged with a lethal dose of Francisella 
tularensis strain Guysky, specifically 10 LD 50 (500 microbes/mouse). In the second experiment, 

15 mice were challenged with a sublethal dose of Pseudomonas aeruginosa strain 20, specifically 1 
LD 50 (10 5 CFU/mouse). In the third experiment, mice were challenged with a lethal dose of 
Pseudomonas aeruginosa strain 20, specifically 10 LD 50 . Survivors were monitored daily, and 
the survival rate was counted at day 14 post challenge for the first experiment and at day 7 post 
challenge for the second and third experiment The results of these experiments are shown in 

2 0 Tables 10-12. 

TABLE 10 

Pretreatment with Glycoalkaloids Protected Normal 
Mice Against Lethal Challenge with Francisella tularensis 



25 Dose of alkaloids Survival Rate on 

pig/moused Day 14 Post Challenge 

naive control 0.0 0/10 
glycoalkaloids 1 

3 0 day pre-challerige 0.1 4/10 

1.0 5/10 

10.0 4/10 

glycoalkaloids 7 

day pre-challenge 0.1 3/10 

35 ' * 1.0 4/10 

10.0 4/10 
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TABLE 1 1 

Pretreatment with Glycoalkaloids Protected Normal Mice 
Against Sublethal Challenge with Pseudomonas aeruginosa 



naive control 
glycoalkaloids 1 
1 0 day pre-challenge 



glycoalkaloids 7 
day pre-challenge 

15 



Dose of alkaloids 
, (Mg/mQUSg) 

0.0 

0.1 
1.0 
10.0 

0.1 
1.0 
10.0 



Survival Rate on 
Day 7 Post Challenge 

6/12 

6/10 
7/10 
10/10 

8/10 
8/10 
9/10 



20 



IAELEJ2 

Pretreatment with Glycoalkaloids Protected Normal 
Mice Against Lethal Challenge with Pseudomonas aeruginosa 



2 5 naive control 

glycoalkaloids 1 
day pre-challenge 



3 0 glycoalkaloids 7 

day pre-challenge 



Dose of alkaloids 

fag/mouse) 

0.0 

0.1 
1.0 
10.0 

0.1 
1.0 
10.0 



Survival Rate on 
Day 7 Post Challenge 

0/20 

2/10 
4/10 
4/10 

3/10 
7/10 
9/10 



35 The results show that a single prophylactic treatment with different doses of 

glycoalkaloids was able to protect a part of the mice (30-50%) against lethal infection with Fr. 
tularensis, whereas the naive controls were all dead. Similarly, this treatment partially or 
completely protected mice from infection with Ps. aeruginosa in a sublethal challenge, whereas 
50% of the naive controls were dead by day 5 post challenge. Finally, this treatment protected 

40 mice from infection with Ps. aeruginosa in a lethal challenge with a time- and dose-dependent 
effect, whereas all of the naive controls were dead by day 2 post challenge. 
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EXAMPLE 13 



Intraperitoneal Administration of Solanum 
Ry tract Enhances Su rvival Rate of Infected Animals 

In view of the results obtained with mice, an initial study was conducted to determine the 

5 protective effect of Solanum extract on pigs against infection by Salmonella chloeraesuis strain 

370. In this study, one group of 3 baby pigs (13-15 days old, weight 3-7 pounds) was 

administered SE (100 ^g/kg) by intraperitoneal injection 10 days before lethal challenge with 

the microbes (2 x 10 7 microorganisms/ animal). A second group of 2 baby pigs were 

administered SE (1000 jag/kg) orally with drinking water 10 days before challenge. The control 

10 group of 3 pigs was administered saline by intraperitoneal injection and received regular water. 

Survivors were monitored daily, and the survival rate was counted at day 21 post challenge. The 

results are shown in Table 10. All control animals died on day 3 or 4 after a lethal challenge, 

whereas all the pretreated baby pigs survived the Salmonella infection. 

TABLE 13 

1 5 Pretreatment with Solanum Extract Protected Normal 

Pigs Against Lethal Challenge with Salmonella choleraesuis 

Dose of alkaloids Survival Rate on 

rug/mouse) Pay 21 Post Challenge 

20 

naive control 0.0 0/3 

SE,ip 100 3/3 

SE,oral 1000 2/2 

25 EXAMPLE 14 

Analysis of M echanism of Action 
Studies designed to define the mechanism(s) responsible for the protective actions of 
glycoalkaloids determined that mice pretreated with 1 ug of solanine 5 days before an 
intraperitoneal challenge with a very large dose of S. typhimurium possessed far fewer bacteria 

30 in their livers and spleens at 1, 2, and 4 hours postchallenge than did controls (Figure 2). Similar 
results were obtained when animals received an intraperitoneal treatment with solanine 1 day 
before microbial infection. Solanine, chaconine, and serum from solanine pretreated animals 
were found to be neither bactericidal nor bacteriostatic for S. typhimurium in vitro. However, 
injected S. typhimurium were rapidly cleared from mouse target organs when the bacteria were 
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incubated prior to injection with serum taken from solanine treated animals (Figure 3). 
Pretreatment of S. typhimurium with serum from normal naive mice was used as the control. 
These results suggest that something present in serum of solanine-treated animals is able to 
effectively opsonize the microbes and facilitate phagocytosis. 

5 

The above examples indicate that nonspecific stimulation of innate immunity, considered 
by some to be of minor importance, produces protection which is comparable to antibiotic and 
vaccine therapy against bacterial infection. This discovery is highly important in light of 
predictions by microbiologists and immunologists that the "post-antibiotic era" will come in the 

10 early 21st century (1-8). Worldwide bacteria with very high genomic and mutability 
characteristics continue to develop resistance despite the development of new antibacterial and 
bacteriostatic agents. Also, an antibacterial strategy employing specific vaccines does not 
provide control of some infectious diseases. Antigenic variations, highly infective microbes, and 
the existence of numerous hosts have always hampered the development of new vaccines since 

15 the discovery of the first vaccine over two hundred years ago. In view of this, an alternative 
approach relying on enhancement of innate immune defense mechanisms, which are as effective 
or more so than vaccines and antibiotics, is extremely important. The strategy of stimulating the 
host's natural immunity eliminates the problem of bacterial resistance to antibiotics and lack of 
vaccine specificity. 

2 0 It is commonly known that some individuals become ill after ingesting only a few 

microbes, while others may consume a thousand times more organisms without any illness (56, 
57). This resistance is natural, rather than acquired, since individuals possessing it have no 
immunoglobulin to specific infectious agents in their blood. Individuals with this trait have a 
genetic predisposition for it and are naturally resistant to infections because of highly efficient 
25 innate immune system. The above examples show that natural immu ne, defense mechanisms of 
most individuals can be enhanced by treatment with agents like solanine or chaconine, 
facilitating removal of organisms which may be antibiotic resistant. Although all of the 
mechanisms triggered in the host's body after glycoalkaloid administration have not been 
determined, early events following challenge in glycoalkaloid treated hosts have been studied. 

3 0 Bacterial levels in selected organs have been evaluated at 1, 2, and 4 hours after i.p. challenge of 

mice with a high dose of S. typhimurium SL 1344 (lxl0 6 /mouse). All mice which received 
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solanine 5 days or 1 day prior to bacterial challenge possessed enhanced capacity to reduce 
bacterial load in the spleen and liver. One hour post challenge, organs of treated animals had 
fewer microorganisms than controls. It was found that the response to microbes which results in 
their rapid clearance from organs is due to an enhanced rate of phagocytosis. It was also 
determined that removal of microorganisms from organs was enhanced if the bacteria were pre- 
incubated with serum collected from solanine treated animals prior to challenge of naive mice. 
Similar results were seen when mice were challenged with other microbes and were seen for pigs 
challenged with Salmonella choleraesuis. 

In the above studies it was also observed that there are high molecular weight 
compounds that might serve as accessory molecules for low molecular weight compounds, the 
combination of which contributes to the immunomodulary effects, as in Echinacea extracts (26- 
28). Without being bound by any mechanism of action, it is theorized that high molecular 
weight proteoglycans in Solanum extract might bind the glyco alkaloids and release them in the 
host's body over an extended period of time providing a longer-term protection. 

In summary, the above data describes an effective approach to protect individuals against 
bacterial infections and disease. This approach is based on the ability of glycoalkaloid treatment 
to augment the host's innate immune system. Such an augmentation can efficiently control 
bacterial growth after infection. The protection of individuals against diseases caused by 
bacterial infection indicate that the steroid glycoalkaloids from the common potato possess the 
capacity to enhance host innate defenses. Although the plant-derived glycoalkaloids enhanced 
the innate immune response and hence are antimicrobial, the above studies confirmed that the 
glycoalkaloids, including solanine and chaconine, did not possess antibiotic properties. 

It will be appreciated that the methods and compositions of the instant invention can be 
incorporated in the form of a variety of embodiments, only a few of which are disclosed herein. It 
will be apparent to the artisan that other embodiments exist and do not depart from the spirit of the 
invention. Thus, the described embodiments are illustrative and should not be construed as 
restrictive. 
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WHAT TS CLAIMED IS 

1 . A method for enhancing an innate immune response in an individual which comprises 
administering to the individual an amount of a plant-derived immunomodulator effective 
to increase the activity of an innate immune defense mechanism in the individual upon 
infection by an infectious agent. 

2. The method of claim 1, wherein the plant derived immunomodulator is selected from the 
group consisting of a glycoalkaloid-containing plant, a glycoalkaloid-containing plant 
tissue and a glycoalkaloid-containing plant extract and wherein said plant is selected from 
the group consisting of Solanum species, Veratrum species andLiliaceae species. 

3. The method of claim 2, wherein the plant-derived immunomodulator is a glycoalkaloid- 
containing plant extract comprises 0.1% to 10% glycoalkaloids. 

4. The method of claim 3. wherein the plant-derived immunomodulator is a glycoalkaloid- 
containing plant extract comprises 1 % to 5% glycoalkaloids. 

5. The method of claim 3, wherein the plant-derived immunomodulator is a glycoalkaloid- 
containing plant extract comprises 1% glycoalkaloids. 

6. The method of claim 1, wherein the plant-derived immunomodular has the formula 

R-R l 

wherein R is a mono- or oligo-saccharide which may optionally be modified with 
pharmacologically acceptable esters or pharmacologically acceptable ethers, 
R 1 is an aglycon or derivative having the general formulas: 
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elf* 




R 3 , R 4 and R 5 arc independently H, OH, O, pharmacologically acceptable esters or 
pharmacologically acceptable ethers; 

X and X2 arc independently N or O; and 
m is 1 or 2. 



25 

7. The method of claim 6, wherein the plant-derived imrriunomoduiator is solaninc. 

8. The method of claim 6, wherein the plant-derived immunomodulator is chaconine. 



30 9. 



The method of claim 6, wherein the plant-derived immunomodulator is a mixture of 
solanine and chaconine. 
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10. The method of claim 3, wherein the amount of a glycoalkaloid-containing plant extract is 
from about 1 .7 mg/kg to 33.5 mg/kg. 

11. The method of claim 3, wherein the amount of a glycoalkaloid-containing plant extract 
is from about 5 mg/kg to 15 mg/kg. 

12. The method of claim 3, wherein the amount of a glycoalkaloid-containing plant extract 
is from about 6.5 mg/kg to 1 0 mg/kg. 

13. The method of claim 6, wherein the amount of plant-derived immunomodulator is from 
about 0.01 mg/kg to 3.0 mg/kg. 

14. The method of claim 6, wherein the amount of plant-derived immunomodulator is from 
about 0.03 mg/kg to 1 .0 mg/kg. 

15. The method of claim 6, wherein the amount of plant-derived immunomodulator is from 
about 0.03 mg/kg to 0.3 mg/kg. 

16. The method of claim 1, wherein plant-derived proteoglycans are administered in 
combination with the plant-derived immunomodulator. 
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